DNA sequences vary within almost all genes in almost all species. By directly sequencing the products of polymerase chain reactions, it is now relatively straightforward to measure this variation. At the very most, a few percent of bases differ between sequences from the same species. For the rest, shared descent results in alleles retaining the sequence of their common ancestor. The variability between the alleles allows estimation of their phylogeny. The pattern and the timing of branching of the lineages leading to extant alleles are the result of genetic drift in a finite population, with the added possibility of the action of selection. Thus, studies of the estimated phylogenies of alleles, using the mathematical theory of coalescents [1] [2] [3] , may tell us about population sizes in the past, and may identify selective effects. If recombination occurs, phylogenies may differ for different parts of the same gene. This complicates the mathematics, but enhances the search for selection.
The variability of human DNA sequences has become important in the estimation of our prehistoric demography. In particular, in the late 1 9 80s, vast interest arose in estimates of the phylogeny of mitochondrial DNAs (mtDNAs), after the biologically trivial concept that these share common ancestry took hold in the public imagination by the use of the term 'mitochondrial Eve' [4] . The mtDNA sequence analyses gave the non-trivial results that the ancestor lived comparatively recently -around 150 000 years before the present -and that variation in mtDNAs of Africans was greater than in other races, as expected if the common ancestral mtDNA was African. This was taken to support the view that anatomically modern humans arose fairly recently (from 100 000 to 300 000 years ago) and, spreading out of Africa, completely replaced pre-existing human populations throughout the world -the 'out-of-Africa' hypothesis. Others, however, continued to believe that the fossil record supported a multiregional hypothesis, in which modern humans evolved independently from different Hoino erectus populations in Africa, Europe and Asia.
The low variability in mtDNAs, coupled with the starlike phylogeny for non-Africans (see Box) is consistent with the recent expansion of a population from Africa. However, the data are inconclusive as mtDNA is a single genetic locus, and some nuclear DNAs have more ancient common ancestors [5] . It could be that human populations have not, as a whole, recently expanded from an African origin, but that a selectively favoured mtDNA variant has. The issue can only be resolved if we have other genes with which to compare the mitochondrial data. The most obviously symmetrical case, and one where recombination can again be ignored, is the Y chromosome, found only in males. Y chromosomes do not show the elevated mutation rates of mammalian mitochondrial DNAs, so the overall level of variability is expected to be lower. Nevertheless, the absence of any variability at all in a recent survey [6] is surprising. The 729 base-pair intron of the ZFY gene was sequenced from 38 Y chromosomes from diverse populations; all were identical, notwithstanding the fact that, in comparisons with chimpanzees, gorillas and orangutans, the intron did not appear to be strongly selectively constrained. The lack of variability therefore implies a recent common ancestry of all the Y chromosomes in the sample.
One estimate of the time to the common ancestor, from this Y chromosome data, was 270 000 years [6] remarkably consistent with some of the estimates of the time to the ancestral mtDNA. However, this estimate is probably too large. As the sequences do not vary, the maximum likelihood estimate of the time to a common ancestor is no time at all. The calculation of 270 000 years is based on a Bayesian argument that includes a prior distribution of times to common ancestry, T, in which all conceivable times are equally likely. These constant probabilities are then multiplied by the conditional probabilities of seeing no variation, given T, to give posterior joint probabilities of the data and T. This allows an expected value of T, conditional on the data, to be calculated, and it is this that is 270 000 years.
A general problem is that the estimation of population sizes from sequence divergence is less powerful than is often supposed. Apart from the implicit assumption of neutrality, there are two further sources of error which combine in such an estimate. Not only does the divergence in DNA sequence depend on the Poisson distribution of neutral mutation as well as on the phylogeny of the alleles, but also the phylogeny of the alleles represents a sample from possible phylogenies for a given effective population size. In the extreme, let us suppose that we have a data set consisting of two Y chromosomal alleles differing by one base substitution. Suppose that this is 0.1 % of the sequence. If the evolutionary rate is a neutral mutation rate of 10-8 changes per base per year, the estimated time to common ancestor is 50 000 years. With a 20 year generation time, this gives an effective population size (N 1 ,,) of 2 500 males.
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There are two powerful sources of error, which we can quantify, in this estimate of effective population size. The expected number of substitutions with a time to common ancestry of T is 2T, where pI, is the neutral mutation rate. The Poisson assumption gives the probability of exactly one substitution, given an expectation of 2Tp, as 2TI..e-2 TP, and the probability of T is itself exponentially distributed with an exponent of 1/N,,,. The probability of exactly one substitution, given N,, 1 , can therefore be found by integrating over T. This probability is (2 500.N 1 ,)/(2 500 + N,,,) 2 , which is not strongly dependent upon N,,. Thus, while the probability is maximized at a quarter when N,, is 2 500, it remains over 10 % in a range of N,, values from around 300 to around 20 000. The lack of power means that none of our estimates of effective population sizes in the past will be very accurate, and these problems will be compounded if population sizes are not constant.
What is not in doubt is that there must have been a most recent common ancestor for Y chromosomes, and that this ancestral chromosome was possessed by the most recent male from whom all humans are descended through purely male lines. The problems lie in the estimation of the time and place of this ancestor, and the question is what these can tell us about human demography.
While the answer to this question is 'not much', this does not mean that other sources of information, such as the fossil record, are any better.
